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I INTRODUCTION 

This f i r s t  monthly progress report  
September through 31 October 1963. 
period : 
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covers the  work accomplished from 30 
Two major areas  were pursued during t h i s  

(1) Reviewing and developing various azide s t ruc tu res  

( 2 )  Locating and contracting an azide synthesizing f i r m  

A number of azide s t ruc tures  have been reviewed, and a number of  preliminary 
invest igat ions have been performed t o  l e a r n  more of the physical propert ies  
of the azides and their resulting polyurethane foam products. The approach 
of reducing peak temperatures by control  of rate-of-decomposition of the 
azide and rate-of-gelation of the polyurethane foam has been pursued, 
in these areas a r e  discussed below, 
more time thsn expected, bu t  r e s u l t s  have been obtained and progress i s  expected 
t o  speed up a s  the program continues, 

Progress 
The locat ion of an azide suppl ier  required 

A program schedule, a schedule forecast  o f  manpower u t i l i za t ion ,  and a schedule 
forecas t  of fund expenditures are a l so  presented. Actual cost  f i gu res  a re  
submitted separately a s  requested. 

-1- 
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This pro jec t  has as 
from ingredients wh 

11, GENEFNL 

i t s  objective the produc t ion  of a 
ch may be pre-mixed and pre-I i s t r  

r ig id  polyurethane foam 
buted over a surface 

without reaction, by v i r tue  of-  one o r  more ingredients being i n e r t  when 
mixed, 
of ac t iva t ion  by l imited heating, 
density,  high s t rength foam should resul t .  

The pre-distributed mixture must no t  r e a c t  i n  storage and y e t  be capable 
When act ivated i n  a vacuum environment, a low I 

The primary reac tan ts  i n  a polyurethane foam are  polyesters and polyethers with 
react ive hydrogen i n  the molecule, ordinar i ly  a s  pendant hydroxyl groups, and 
another compound having two o r  more isocyanate groups (-NCO) per molecule. 

The bas is  of the present  e f f o r t  is the p r io r  -f_inding in,-Gcodyear _&rospEe 
Laboratories -- __ t h a t  c e r t a i n  acid azides may be employed a s  the i n e r t  ingredient  
specTiZT-53gve. 
azTdes undergo a react ion (Curtius rearrangement of  the -CON3 acid azide group 
t o  the -NCO group) which produces reactive isocyanates and which a l s o  l i b e r a t e s  
molecular nitrogen t h a t  can serve a s  the necessary blowing gas. 

Within the framework of the above objective, it i s  necessary t o  search f o r  the 
bes t  choices of foam reac tan ts  and reactant  r a t i o s  t o  y i e ld  a control lable ,  
operable process under acceptable conditions o f  temperature, pressure and time 
tha t  are compatible with the  environment of an ear th  o rb i t ,  The foam produced 
must i n  t u r n  meet c e r t a i n  requirements i n  physical  propert ies  and compatibil i ty 
with other  s t r u c t u r a l  components. 

When exposed t o  s l i gh t ly  elevated temperatures, such acid 

UI LI 
3 

U 
Y 

P 
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111. APPROACH 

The areas of inves t iga t ion  present ly  i n  view are  b r i e f l y  summarized below, 
They are  in t e r r e l a t ed  but  a r e  a r b i t r a r i l y  classed here a s  r e l a t ed  t o  the process 
o r  t o  t he  product, 

I A .  Process I 
I 1. Choice of Azide - 

It i s  necessary t o  prepare i n  a laboratory the  acid azides  of d i -  or  
higher func t iona l i ty  t h a t  are poten t ia l ly  usefu l  i n  the process; so  far 
as i s  known, none are commercial materials a t  present. 
propert ies  i n  an azide may be s ta ted as: 

The desirable  

Y LI 
3 

U 
4 
P 

Y 

UJ LI 

a. 

b. 

c. 

d. 

e. 

f. 

The undergoing of the Curtius rearrangement smoothly and quanti- 
t a t i v e l y  i n  t h e  temperature range of about 150-200° F i n  a few hours 
o r  l e s s .  A lower act ivat ing temperature i s  undesirable since it 
would create  storage problems. 
a r e  reported i n  the l i t e r a t u r e  t o  rearrange a t  temperatures from 
60 t o  3000 F; s ide reactions may l i m i t  isocyanate y ie ld  t o  80% or  

(Various azides, mostly mono-functional, 

so.) 

A low heat  re lease  from the rearrangement of the azide would be 
desired since exothermic reactions may lead into overheating. 

The isocyanate r e su l t i ng  from the azide rearrangment should probably 
be a f a s t  reac t ing  compound. 

It is ,  of course, necessary t o  ensure the re lease  of  a su f f i c i en t  
amount of  nitrogen blowing gas, by formulating with a t  l e a s t  a 
minimum amount of contained azide group per u n i t  weight of  t o t a l  
mixed ingredients.  If larger  percentages of the azide group are  
required t o  y i e ld  su f f i c i en t  isocyanate f o r  the polymerization process, 
the addi t iona l  nitrogen release brings on complications not encountered 
i n  the usual  foam systems. 

Physical s t a t e  a t  room temperature t o  be a l i qu id  t h a t  would mix 
readi ly  with other viscous l i qu id  ingredients.  

Very low vapor pressure of both the azide and i t s  isocyanate rearrange- 
ment product t o  prevent loss of e i t h e r  p r io r  t o  o r  during the 
foaming process, 

-3- 
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g. On the bas is  of chemical pr inciples  and a l imited number o f  pas t  
observations, t he re  is some reason t o  bel ieve t h a t  a p a r t  o r  a l l  of 
the azide mater ia l  could advantageously be of tri- o r  higher 
functionali ty.  

2. Choice of Polyester and/or Polyether Resin - 
A considerable var ie ty  of polyether r e s ins  and a somwhat l imited number 
of polyester r e s ins  are available from commercial sourees. 
these materials t h a t  w i l l  a f f e c t  processing include: 

Propert ies  of 

a .  

b. 

C. 

d. 

e. 

f .  

Functionali ty o r  the average number of  h y d r o q l  groups per molecule 
and a l so  molecular weight. These combined give average equivalent 
weight, which i s  another index of s t ruc ture  and a ids  i n  s e t t i n g  up 
another c r i t e r i o n  of the product; i.e., molecular weight per cross 
l i nk  , 

The proportion between primary and secondary hydroxyl groups w i l l  
a f f e c t  reac t iv i ty .  
reacting. 

Primry hydrowls would be expected t o  be f a s t e r  

The room temperature v iscos i ty  of  the r e s in  may be expected t o  
control  the v iscos i ty  of the mixed ingredients t h a t  a r e  t o  be pre- 
d i s t r ibu ted  on a f i l m  substrate ,  
nor semi-solid mixtures would be desirable ,  
surface tension when act ivat ion temperature i s  first reached 
w i l l  influence the ear ly  stages of foam swell. 

Obviously, nei ther  very l i qu id  
The v iscos i ty  and 

Very low vapor pressure would be advantageous. 

High solvent power f o r  t he  azide co-reactant would be highly 
desirable  i f  it permitted having a l l  ingredients i n  a s ingle  phase. 

Very low water content of these generally hygroscopic res ins  would 
be advantageous. 

3 .  The Choice and Use o f  Auxiliary Ingredients - 
Auxiliary ingredients  such as surface ac t ive  agents and ca ta lys t s  f o r  
the polymerization react ion will require consideration, 
indicat ion,  unfortunately, t h a t  t he  Curtius rearrangement i s  suscept ible  
t o  ca ta lys i s .  
by impurit ies has been l i t t l e  studied and we infer it i s  not a 
c a t a l y t i c  process i n  the usual sense. 

W e  have no 

The sens i t iza t ion  of acid azides t o  shock or teinperature 
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E. Products 

1. The physical propert ies  of  strength and high sof tening temperature 
tha t  a r e  desired w i l l  require a high densi ty  of cross  l inks  (low 
equivalent weights f o r  both isocyanate and polyol plus complete 
reaction).  

2. The s t ruc ture  of the moieties between cross l i nks  will be determined, 
o f  course, by the s t ruc tures  of the azides and polyol reactants.  
Indications are t h a t  azides containing a high percentage of aromatic 
r ings w i l l  contribute t o  a s t i f f  polymeric s t ructure .  Likewise i n  
the polyol (polyester o r  polyether r e s in )  a r o m t i c  o r  heterocyclic 
character may be advantageous. 

-5- 
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IV . EXPERITETJT_EIL WORK ACCOIPLIS%D DURING T H I S  REPO3TING PEiZIOD 

A. Experimental Materials 

Foaming s tudies  have employed terephthaloyl azide (Structure I) , a Plaskon 
polyester r e s i n  Pm-6 and prepolymer derived from t h i s  r e s in  plus an isocyanate 
terminated prepolymer (a l so  containing f r e e  tolylene diisocyanate) with the  
t rade designation Glidfoam PCR 5043. 
i n  Table I. 
l is ts  other  azides t h a t  have been synthesized i n  the previous GAC program. 

Known propert ies  of t h e  res ins  a re  shown 
Table I1 contains information on azide Structure  I, and a l s o  

B. Foaming Studies 

I n  pas t  work employing PFR-6 polyester res in ,  it has seemd advantageous t o  
bui ld  molecular weight of the r e s i n  by reac t ing  (approximately 2 hours a t  
about 210 - 2400 F) 10 par t s  PFR-6 with 2.3 pa r t s  by weight (pbw) of Glidfoam 
PCR-5043. 
(calculated)  of the  res in  hydroxyl groups reacted assuming an average 
hydroxyl number of 480 a 

azide)  would then be one p a r t  prepolymr t o  0.59 par t s  azide (37% azide i n  
the  t o t a l  mix). I n  order t o  reduce the  exothermic heat of the azide 
rearrangement and t o  assure b e t t e r  u t i l i z a t i o n  of diisocyanate from azide, 
it has seemed desirable t o  make t r i a l s  of the following: 

1. 

This yields  a tacky semi-solid material  (prepolymer) with 21% 

The theore t ica l  azide requirement (as terephthaloyl 

The reduction of the azide component from the 37% (equivalence) value 
t o  20% leaving excess h y d r o q l  groups i n  the f i n a l  foamed polymer 
(which may reduce loss of  diisocyanate). 
atmospheric pressure have a polymer melt temperature of 170-180° F. 

The react ion of a higher percentage of the PFR-6 hydroxyl groups i n  
forming the prepolymer. 
2.8 pbw Glidfoam RCR-5’043 t o  10  pbw PFR-6. 
f o r  these prepolymers a re  reported i n  Table I. 

Such foams formed a t  

2. 
Work is  i n  progress with prepolymer made with 

Viscosi t ies  and dens i t i e s  

C Measurement o f  Heat Release From Azide Rearrangement 

Preliminary experimentation i s  underway on t h i s  subject.  

D. Azide Synthesis 

An e f f o r t  t o  synthesize i n  three steps 2,6-naphthalene diacyl  azi& 
St ruc ture  V I ,  Table I11 f r o m  an available compound, the dimethyl e s t e r  o f  
2,6-naphthalene dicarboxylic acid, has been contir-ued under the contract .  
A s a t i s f a c t o r y  product from the f i rs t  s tep has been taken through the  
second step, and inspection o f  the second product t o  determine i f  it i s  of 
reasonable pur i ty  i s  underway. I n  addition, a contract  has been l e t  t o  
synthesize three addi t ional  azide compounds; these a re  Structures  X, XI, X I 1  
a s  shown in Table 111. -6- 
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TABLE I 

PROPERTIES OF EXPERIMENTAL MATERIALS 

PLASKON P F R ~  

FIanuf ac turer s Data Lab Measurement 

Acid No, 15-20 l-4 
Hydroxyl No. 465-495 538 
Brookfield Visc 25OC (cp) ~o,ooo-~O,OOO 65, So0 
Water Content % 0.0-0.tC 0-83 
Desnity g/cc - 1-15 

GLIDFOAM RCR #OL3 

Manufacturer's Data Lab I4easurement 

Amine Equivalent 123:l 
Hydrolyzable Chlorine 0,009 
Density g/cc - 

126 

1 .21  
-- 

Prepolymer From 10 pbw PFR-6 + 2.3 pbw GlidfoanlRCR 5043 

Brookf i e  Id Viscosity 
Density 

Temp. (OF) 194 212 230 d c c  

cp w 49,500 25,000 l-4,500 1.2 

Prepolymer From 10 pbw PFR-6 + 2.8 pbw Glidfoam RCR 5043 

Brookfield Viscosity 

Temp. (OF) 194 212 Density 
V/CC 

2 84 
3 

230 

C P  (I > 100,000 85,000 55,000 8,500 1.18 

-7- 
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l o  

TABLE I1 

ACID AZIDES THAT HAVE BEZN SYNTHESIZED 

ISOCYANATE AZIDE N AZIDE 

AZIDE NAME AZIDE O N  RE- (WT %) POINT 
PRODUCEB CONTENT IYIELT I N G  

STRUCTURE I AND MOL. STRUCTURE I RJNCTIONAWTYI  ARRANGEHENTI TOTALIRELEASABLE I OF 

I Terephthaloyl 
Azide 

2 

M.W, = 216 

I1 Mesoyl ( t r i )  Azide 3 
0 CON3 p, CON3 

N3OC 
M.W. = 285 

IV 4,41-Diphenoyl 
Azide 

N ~ O C  -Q-Q- 
M.W. = 292 

V 4.y 4 1 -Diacyl Azide 
of Ethylene Glycol 
D ibenzoa t e  

0 

1,b-Benzene 38.9 25.9 230-232 
D i i s  ocyanate 

M.I.J. = 160 
Amine eq. = 80 

1,3,S-Benzene 44.2 29.5 17L 
Triisocyanate 

M.W. = 201 
Amine eq, = 67 

2 Octamethylene 33.3 22.2 -75 
D i i s  ocyanate (lit 
M.W. = 196 V a l ,  
Amine eq, = 98 93 1 

2 h,k*-Biphe- 29.8 19.2 259 
nylene 
D i i s  o cyana te  

Amine eq. = 118 
F1.W. = 236 

2 4,kt-Diisocy- 20.8 13.9 -_- 
anate of  
Ethylene Glycol 
D ibenzoa te 

N.W. = 348 
Amine eq. = 174 

-8 - 
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ACID AZIDES TO BE SYNTHESIZED 

ISOCYANATE AZIDE N 
PRODUCED CONTENT 

AZIDE NAME AZIDE ON FLE- (NT %I STRUCTURE 1. AND MOL. STRUCTURE 1 FUNCTIONALITY I ARRANGEMENT ITOTALI RELEASABLE 

V I  2,6-Naphthaloyl 2 2,6-Naphthalene 31.5 
Azide Diisocyanate 

M.W. = 210 
Amine eq. = 105 

mCoN3 
N3OC 

M,W. = 266 

X 4 , 4 -Diphenyl 
Methane Diacyl 
Azide .- 

2 by4'-Diphenyl 27.4 
Me thane 
Diisocyana te 

M.W. = 3D6 
M.W. = 250 
Amine eq. = 125 

X I 1  --- 
M a w .  = 894 
Amine eq. = 2-24 11.121. = 1006 

O 0 

JJjOC 

"302 

+P G -0- c?, 
I 

cox3 

C, OY3 

21.1 

18.3 

12.1 

11.1 

-9- 
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D . Azide Synthesis (Continued) 

The Structures  X, XI, X I 1  represent  an attempt t o  design azide s t ruc tu res  
t o  improve on the performance of Structure  I, pa r t i cu la r ly  i n  the a reas  
indicated i n  Section III.A.l.a., b., f .  and ( in  the case of S t ruc ture  XII) g. 

-10- 



GOODYEAR AEROSPACE 
C O R P O R A T I O N  

GER-11318 

V. AZmE SUPPLIERS 

This invest igat ion turned out t o  be much l e s s  responsive than ant ic ipated.  
suppl iers  showed l i t t l e  i n t e r e s t  i n  synthesizing a small number of spec ia l  
unstable azides i n  research quant i t ies ,  however, one company was located. 
AshStevens Incorporated appeared t o  be s u i t a b l y  capable a s  determined by our 
discussions t o  undertake the synthesizing work. 
newly formed small company in te res ted  i n  chemical research and small s c a l e  
chemical synthesis.  
synthesized azide chemicals. 

Many 

Ash-Stevens Incorporated is a 

They expressed an  i n t e r e s t  i n  quoting on the cus tom 
They claim f a m i l i a r i t y  with some organic azides. 

Specif icat ions and a request  f o r  quotation were sen t  t o  AshStevens on 10-15-63. 
A proposal response was received a t  Goodyear Aerospace on 10-21-63. 
nat ion meeting was held 10-25-63 and resul ted i n  placing a purchase order 
which becam e f fec t ive  10-30-63. 

A coordi- 

V I .  PROBLEM AREAS 

No unsurmountable problem amae are  fomseen a t  t h i s  time. 

-11- 
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V I I .  WORK TO BE PERFORMED DURING THE NEXT R E P O R T I N G  P E R I O D  

A. Work w i l l  be continued t o  study formulation var ia t ions and t h e i r  e f f e c t  upon 
polymer s t r eng th  and temperature dependence of strength. 
use of various polyols. 

This w i l l  include 

B. Evaluation methods f o r  new azides  will be pursued as f a r  as  time w i l l  permit. 
The areas  of inves t iga t ion  w i l l  include: 

1. Determination of shock s e n s i t i v i t y  (and f r i c t i o n  s e n s i t i v i t y )  . 
2 . Thermal decomposition characteris t i c s ,  time versus temperature. 

3. Heat re lease  on decomposition as determined by calorimetry. 

4. Solub i l i t y  i n  solvents  and i n  prepolymer. 

5. Sublimation tendency i n  high vacuum. 

6. Test formulations made with consideration of :  

a. Balance between -OH and produced -NCO. 

b. Avaibble releasable nitrogen for blowing. 

C. Azide decawpcrsitioil; rate, wethane reaction rate and v iscos i ty  
when blowing. 

The above a re  t o  be evaluated i n  terms of density,  foam PNT, heat  e f fec ts ;  
c e l l  s t ructure ,  pos$ cure and d i s to r t ion ,  

C. Attempts w i l l  be continued t o  locate  other qua l i f ied  azide suppl iers  f o r  
back-up . 

-12- 
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